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Objective: There is ongoing debate on whether an association between radiographic and clinical osteo-
arthritis (OA) exists. We hypothesized that the inconsistency in the detection of an association might be
caused by different deﬁnitions of OA, by different radiographic protocols, and by scoring methods for
radiographic damage and symptoms. The goal of this study was to evaluate which methodological
criteria are important to detect an association between radiographic and clinical OA of hip and knee.
Methods: A literature search was performed with the keywords ‘OA’, ‘hip’, ‘knee’, ‘radiographic’, and
‘clinical’ and results were screened for relevant studies. Quality criteria for study characteristics and
methodology were developed. Studies were classiﬁed according to these criteria and the presence of an
association between radiographic and clinical OA was scored. The importance of methodological quality
and patient characteristics on the presence of an association was evaluated.
Results: The literature search resulted in 39 studies describing an association between radiographic and
clinical OA. The frequency of an association between radiographic and clinical OA outcome measures
diminished when less quality criteria were fulﬁlled. Speciﬁcally the criterion for standardized outcome
measures appeared important in the detection of an association. The association was not inﬂuenced by
patient characteristics. Only four studies were identiﬁed that fulﬁlled all quality criteria and in these studies
an association was found for the knee joint and an inconsistent association was found for the hip joint.
Conclusion: Methodological quality criteria are of importance to reveal an association between radio-
graphic and clinical OA.
 2011 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Osteoarthritis (OA) is a slowly progressive degenerative joint
disease, characterized by pain and functional disability. The larger
joints are commonly affected and speciﬁcally involvement of the hip
and knee joint has a great health (care) and economic burden.
Diagnosis of OA is usually based on symptoms (clinical OA) and is
conﬁrmed by radiography1. An inconsistent association between
radiographic and clinical OA hampers diagnosis however2,3. In clin-
ical practice expression of disease varies signiﬁcantly between
patients, possibly implying the existence of different types of OA..B. Kinds, University Medical
Immunology (F02.127), POBox
-57063; Fax: 31-30-252 3741.
inds).
s Research Society International. PDespite this inconsistency and the development of magnetic reso-
nance imaging, with which a relation between pain and structural
damage like bone marrow lesions and bone attrition was found4,5,
radiographs are still the gold standard for demonstrating structural
changes since image acquisition is non-invasive, cheap, fast, and
generally available6,7.
Various outcome measures for radiographic and clinical OA are
described in studies. Common outcomes for radiographic OA are
Kellgren & Lawrence grading (KL)8 and in recent years actual
measurement of joint space width (JSW) has been increasingly
applied9,10. A limitation of radiographic evaluation is that, except for
the direct evaluation of bone, the tissues involved in the OA process
are either evaluated indirectly (cartilage) or not at all (synovium). In
evaluation of clinical OA the visual analogue scale (VAS) for pain, and
the Western Ontario and McMaster Universities OA Index
(WOMAC)11,12 scores for pain, stiffness and function are validated and
commonly used outcome measures.ublished by Elsevier Ltd. All rights reserved.
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ical hip and/or knee OA the standardization of radiographic
protocols might be important13. Also in recent years the impor-
tance of multiple radiographic knee views has been illustrated.
Inclusion of patellofemoral (PF) radiographs improves the sensi-
tivity to identify radiographic knee OA by symptoms (like pain)14,15.
In the hip, joint space narrowing (JSN) is detected in more patients
when faux proﬁle radiographs are acquired complementary to
anteroposterior (AP) radiographs16,17.
The objective of this review is to evaluatewhether the association
between radiographic and clinical OA of the hip and/or knee is
inﬂuenced by methodological quality and study characteristics.
Therefore quality criteria are deﬁned including OA deﬁnition for
inclusion, acquisition of radiographs according to a standardized
protocol, and the use of standardized outcomemeasures. In addition,
the inﬂuence of patient characteristics on revealing an association is
evaluated.Methods
Identiﬁcation of the literature
The literature was searched for studies on radiographic and
clinical hip and/or knee OA. To identify studies a search was made
in the PubMed search engine with the keywords:
(1) ‘osteoarhritis’or ‘osteoarthrosis’or ‘OA’or ‘arthritis’or ‘arthrosis’;
(2) ‘hip’ or ‘knee’;
(3) ‘radiograph*’ or ‘radiolog*’ or ‘joint space’ or ‘osteophytes’ or
‘subchondral sclerosis’or ‘bonemineral density’or ‘BMD’or ‘K&L’
or ‘Kellgren & Lawrence’ or ‘Altman’ or ‘Croft’;
(4) ‘clinical OA’ or ‘clinical outcome*’ or ‘clinical measure*’ or
‘practical outcome*’ or ‘practical measure*’ or ‘pain’ or ‘strength’
or ‘SF-36’ or ‘VAS’ or ‘Visual Analogue’ or ‘function*’ or ‘power’ or
‘symptoms’ or ‘disability’ or ‘quality of life’ or ‘WOMAC’ or
‘Western Ontario’ or ‘ADL’ or ‘stiffness’ or ‘Lequesne’ or ‘ques-
tionnaire’ or ‘daily activities’
The search string was combined as #1 AND #2 AND (#3 OR #4)
and was performed on title/abstract. Figure 1 depicts the ﬂow
chart for study inclusion in the present review. First, titles were
screened for whether radiographic OA and clinical OA were
mentioned in any way. Next, abstracts were screened for
describing an association between a radiographic and a clinical
outcome measure of OA in hip and/or knee joints. Finally, in case
of doubt the full text publications were screened and studies were
excluded if an association was not evaluated, and when prognosis
was performed (i.e., prediction of the outcome over time instead
of evaluating an association at the same time point) (Fig. 1). The
search was performed in August 2009 and was limited to studies
published in the English language that were added in PubMed
from January 1990 since the WOMAC Index, a validated measure
for clinical OA, dates from 1988 and is only used frequently from
1990. The search was repeated in the Cochrane Library, Embase,
ISI Web of Knowledge, Scirus, and Science Direct databases. In this
case search strings for #3 radiographic and #4 clinical OA were
combined by ‘AND’ instead of ‘OR’ to narrow the initial broad
approach since a great number of studies in the PubMed search
was not relevant and all relevant publications would have been
identiﬁed with this more narrow search. Additionally PubMed
was separately searched for authors from the ﬁeld (e.g., Kellgren
JH, Lawrence JS, and Buckland-Wright C). The search was
extended by screening the references of relevant publications
identiﬁed.Quality criteria for study characteristics and methodology
Studies on (an association between) radiographic and clinical
OA indeed reported numerous outcome measures of OA and
therefore interpretation of the results of these studies was difﬁ-
cult. To enable evaluation of an association between radiographic
and clinical OA in more homogeneous subgroups of patients, a list
of quality criteria (Table I) was developed as suggested in previous
studies13,18,19 and as discussed with experts in the ﬁeld (EV, JB, FL).
The seven quality criteria were scored as fulﬁlled (þ) or not ful-
ﬁlled (). Scoring was done twice for all studies, and three times
for studies where disagreement existed between ﬁrst and second
scoring (MK). The quality criteria consisted of general study
characteristics and speciﬁc methodological quality of studies.
Criteria (1)e(4) were developed to evaluate general study char-
acteristics. An appropriate description of the study populationwas
deﬁned as at least the reporting of age and gender. The sample size
was deﬁned as sufﬁcient if more than 100 patients were evalu-
ated. The study designwas scored as fulﬁlled when cross-sectional
or longitudinal evaluation was described. Papers were not
selected in case of prognosis. The criterion for sufﬁcient statistical
analysis and data presentation was fulﬁlled when the methods of
statistical analysis were clearly stated and when the results were
presented in common statistical measures with conﬁdence
intervals. The methodological quality was evaluated by criteria
(5), (6), and (7). Criterion ‘(5) inclusion’ required predeﬁned
criteria to enable evaluation of patients that were indeed devel-
oping or suffering from OA. Patient inclusion was required to be
based on structural damage (American College of Rheumatology
(ACR) or KL) or on OA symptoms (ACR or pain). Pain was not
allowed to be due to inﬂammatory arthritis, since this review
aimed on evaluating the association between structural damage
and symptoms. Criterion ‘(6) protocol’ deﬁned the standardization
of radiographic protocols and multiple radiographic views. Since
the AP pelvis view is most commonly used, this was required for
the evaluation of radiographic hip OA. For evaluation of knee OA
the posteroanterior semiﬂexed (metatarsophalangeal: MTP) view
of the tibiofemoral (TF) joint was required since with this protocol
the joint positioning was most accurate and reproducible20e22. A
skyline radiograph was required since adding a PF view improves
the sensitivity of symptoms for identifying radiographic knee
OA14,15. Criterion ‘(7) outcomes’ concerned validated outcome
measures on a scale of at least four categories for structural
damage (radiographic OA) and clinical symptoms, like KL8 and
WOMAC score (criteria: Table I)11,12.
Analysis of the association
For all studies included in this review, the reported associations
between outcome measures of radiographic and clinical OA were
evaluated. Associations were scored as present (þ) when a statisti-
cally signiﬁcant association was reported between radiographic and
clinical OA (as deﬁned in the study) for all described outcome
measures. An association was considered absent () when no
statistically signiﬁcant associations were present. An associationwas
scored as inconsistent () when the comparison between radio-
graphic and clinical OA resulted in signiﬁcant associations between
some outcomes, and non-signiﬁcant associations between other
outcomes. In studies where both hip and knee joints were reported,
the associations were evaluated only for the joint that fulﬁlled
criterion ‘(6) protocol’ (hip only or hip and knee). When a study
reported multiple radiographic and clinical outcome measures and
some of these fulﬁlled criterion ‘(7) outcomes’ (and some did not),
only associations between these ‘quality’ outcome measures were
assessed and studies were scored accordingly.
PubMed
5387
Isi Web of 
Science
321
Scirus
34
Science 
Direct
24
Cochrane
78
Embase
74
Exclude duplicate titles
5387 titles
Screen titles:
- Radiographic OA and clinical OA 
mentioned
Subsequently screen abstract:
- Population with OA patients or 
individuals at risk of OA 
- At least hip and/or knee affected
- Description of at least one 
association between radiographic 
and clinical OA outcome measure 
58 publications
Screen full text:
- Reporting at least one association 
between radiographic and clinical 
OA outcome measures
45 publications
Search for potentially relevant titles
with keywords: [OA] AND [hip OR 
knee] AND [radiographic OR clinical]
Fig. 1. Flow chart of literature search.
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mates of strength of association and the speciﬁc comparisons were
very diverse and were not always clearly described.
The inﬂuence of fulﬁlling criteria for study characteristics and
methodological quality on the presence of an association was
analyzed. First it was evaluated whether the frequency of an associ-
ation (þ), an inconsistent association (), and no association ()
signiﬁcantly changed when the number of fulﬁlled quality criteria
diminished using a Chi-Square test. Second, the frequency of an
association, an inconsistent association, and no association was
evaluated for the speciﬁc methodological criteria. Chi-square tests
were used to evaluate whether the frequencies of present, inconsis-
tent, and absent associations were signiﬁcantly different for the
subgroup of studies that fulﬁlled a criterion (e.g., ‘(5) inclusion’) and
for the subgroup of studies that did not fulﬁl that criterion. Con-
cerning criterion ‘(7) outcomes’ the radiographic and clinical
outcomes for OA were diverse and even in the studies that fulﬁlled
this criterion comparisons could vary. Third, frequencies of
associations were compared between subgroups of studies (using
Chi-square tests). Frequencies of associations were compared
between studies evaluating either the hip or knee joints. And it wasevaluated whether the detection of an associationwas inﬂuenced by
OA risk factors. Subgroups of studies with patient characteristics
commonly described as risk factors for OA like older age, female
gender, and high bodymass index (BMI) were compared23e25. These
risk factors were deﬁned as a mean age of 65 years, inclusion of
75% females, and mean BMI of 30 kg/m2. Also frequency of asso-
ciations were compared between subgroups of studies in which
respectively 80% and <80% of included patients had radiographic
OA (KL II). And frequencies of associations were depicted for
studies with patients with disease duration of 5 years and for
population based studies (not directly comparable).
Finally the reported associations were described more speciﬁ-
cally for the ‘high quality’ studies that fulﬁlled all quality criteria.
Results
Selection of the literature and fulﬁlment of quality criteria
The literature search resulted in the selection of 45 relevant
publications2,12,14,26e67. Publications that described the same study
population were26e28,12,29,37,38,40,41,48,49 and these were summarized
Table I
Quality criteria for study characteristics and methodology
Study characteristics
(1) Description of study population
(2) Size of population studied: number of patients >100
(3) Design:
 Cross-sectional study; and/or
 Longitudinal study with follow-up period of 6 months and
a total drop-out 20% with information on reason of drop-out
(4) Appropriate statistical analysis techniques and presentation
of outcome measures as deﬁned under (7): presentation
of group percentage, mean, regression coefﬁcient, odds ratio and
standard deviation or 95% conﬁdence interval
Methodology
(5) Inclusion based on OA deﬁnition:
 ACR criteria for radiographic and/or clinical OA; and/or
 KL grade of standardized radiographs; and/or
 OA related pain with exclusion of arthritis
(6) Radiographic protocol for hip and/or knee:
 Hip
 AP view of pelvis
 Knee
 Posteroanterior (PA) semiﬂexed view of TF joint (MTP); and
 Skyline view of PF joint
(7) Describes at least one radiographic and one clinical outcome measure:
 Radiographic
 KL grade;
 JSW measured on a continuous scale or scored on an ordinal scale
of at least four categories;
 Osteophytes measured on a continuous scale or scored
on an ordinal scale of at least four categories
 Clinical
 Pain measured on a continuous scale (e.g., VAS) or an
ordinal scale of at least four categories (e.g., Lequesne index)
 WOMAC index: at least pain or physical function subscale
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patient characteristics; age, percentage females, BMI, and disease
severity. More speciﬁc study and methodological characteristics are
also listed; the number of patients, inclusion criteria, the studied
joint, the radiographic protocol, and the radiographic and clinical
outcomes that were compared for an association. Although the
patients were commonly female and of older age, study populations
were diverse concerning disease severity. The inclusion criteria were
commonly based on clinical symptoms, however population based
studies and studies in patients with established structural damage
were also performed. Also the radiographic protocol and the
outcome measures for evaluation of radiographic and clinical OA
were substantially different between the selected studies.
Further Table II lists for all publications the fulﬁlment of the seven
criteria for study characteristics and methodological quality, marked
as þ or e. The publications were ordered; ﬁrst according to the
number of quality criteria fulﬁlled, subsequently for speciﬁc criteria
not fulﬁlled ( on grey background), and ﬁnally by the year of
publication. The associations between radiographic and clinical OA as
reported in the studies, scored as present (þ), inconsistent (), or
absent (), are listed in the last column. Only four studies fulﬁlled all
qualitycriteria andalmosthalf of the studiesdidnot fulﬁl threeor four
criteria.
Associations and the importance of quality criteria
An association between radiographic and clinical OA features was
present (þ) in only 10%, inconsistent () in 72%, and absent () in 18%
of 39 studies. Figure 2 shows, for the studies fulﬁlling seven (all), 6, 5,
and 4 quality criteria (4, 6, 13, and 16 studies respectively), the
frequency of an association, an inconsistent association, and no
association. An association was most often (25%) found in the fourstudies fulﬁlling all criteria. When the number of fulﬁlled criteria
decreased, the frequency of an association diminished (6% for 4
criteria) and the frequency of inconsistent associations increased
(75% for 4 criteria) (Chi-square test, P¼ 0.67).
Speciﬁcally the methodological criteria consisting of ‘(5) inclu-
sion’, ‘(6) protocol’, and ‘(7) outcomes’ were commonly not fulﬁlled
(Table II). Fig. 3 shows the frequency of a present, inconsistent, and
absent association for the studies either fulﬁlling (þ) or not fulﬁlling
() themethodological criteria (regardless of fulﬁlling other criteria).
An associationwas present in 11%, inconsistent in 67%, and absent in
22% of the 18 studies fulﬁlling criterion ‘(5) inclusion’ which was
similar to the 21 studies not fulﬁlling this criterion (Chi-square test:
P¼ 0.78). Considering criterion ‘(6) protocol’ an associationwasmore
frequently present in the 13 studies fulﬁlling than in the 26 studies
not fulﬁlling this criterion (P¼ 0.12). The frequency of an association,
an inconsistent association, and no association was signiﬁcantly
(P< 0.001) different between the 16 studies that fulﬁlled criterion
‘(7) outcomes’ (19%þ, 38% , 44%) and the 23 studies that did not
fulﬁl this criterion (4% þ, 96% ).
The study criteria (1)e(4) were not fulﬁlled in only one, ﬁve,
two, and four studies respectively. For criterion ‘(2) population size’
however the associations in the 34 studies fulﬁlling the criterion
(9% þ, 79% , and 12% ) were signiﬁcantly different than in the
ﬁve studies not fulﬁlling the criterion (20% þ, 20% , and 60% e)
(P¼ 0.016). In one of the three studies that did not fulﬁl criterion
‘(3) study design’ an association was present and in the other two
studies the association was inconsistent. In the four studies not
fulﬁlling criterion ‘(4) statistics’ no present associations were
reported (0% þ, 75% , and 25% e).
Associations and the inﬂuence of patient characteristics
The frequency of an association, an inconsistent association,
and no association was not signiﬁcantly different between the
11 hip studies (18% þ, 64% , and 18% e) and the 26 knee
studies (8% þ, 77% , and 15% e). The association was either
inconsistent or absent in the two studies evaluating both hip
and knee OA.
In Fig. 4 frequencies of associations (þ, , e) are depicted con-
cerning different risk factors for OA. These frequencies are deter-
mined for a part of the studies, since detailed patient characteristics
were not always thoroughly reported. The frequency of an associ-
ation in studies fulﬁlling a speciﬁc risk factor was compared to the
association in the studies not fulﬁlling this risk factor. For all risk
factors, no statistically signiﬁcant difference was found. However,
the risk factor older age was reported in 16 studies (Table II) and in
older study patients (65 years) compared to younger patients
(<65 years) associations were more commonly present (19%
compared to 0%) and less commonly absent (13% compared to 29%).
The risk factors high percentage females and high BMI were only
present in nine and two studies respectively. For example, 21
studies reported mean BMI; only in two studies patients were
classiﬁed as obese (mean BMI 30 kg/m2), in 16 studies patients
had overweight (mean BMI 25e30 kg/m2), and in only one study
patients had normal BMI (in two studies several populations were
studied who had either overweight or were obese).
Associations in studies fulﬁlling all criteria
Seven publications fulﬁlled all criteria for study characteristics
and methodological quality. Three publications by Duncana-c et al.
described knee OA in The Clinical Assessment Study of the Knee
[(CAS) K]26e28. and two publications by Salafﬁa,b et al. described
cross-sectional evaluation of the same study12,29 resulting in four
‘high quality’ studies. Study and patient characteristics are listed in
Table II
Patient, study and methodological characteristics of 39 studies (45 publications)
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Fig. 2. Frequency of an association, an inconsistent association, and no association in
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methodological criteria are fulﬁlled vs. not fulﬁlled.
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association between radiographic and clinical OA are listed in Table
III. The study by Duncana-c et al. described an association (þ)
between KL or osteophytes as radiographic measures of OA and
mean WOMAC scores as clinical measures. The WOMAC subscale
scores for pain, stiffness, and function were signiﬁcantly different
between normal knees, mild radiographic OA, andmoderate/severe
radiographic OA26e28.
The other ‘high quality’ studies only indirectly described the
association between radiographic and clinical OA. The primary aim
was to evaluate either the health impact of OA12,29, the generalized
character of radiographic OA30, or radiographic progression31. Sal-
afﬁa et al. described a signiﬁcant association (P< 0.005) between KL
and WOMAC function of the hip. However, no association was
found for the otherWOMAC subscales12. In the other publication an
association was found between KL and SF-36 bodily pain
(P< 0.0001) (Salafﬁb)29. Günther et al.30 described pain in 49% of
cases with bilateral radiographic hip OA (deﬁned as KL II)
compared to 25% of cases with unilateral radiographic hip OA. In
these three publications similar associations were reported for the
knee joint, although criterion ‘(6) protocol’ was not fulﬁlled for the
knee radiographs. In the Dougados31 studies multiple linear0% 
20% 
40% 
60% 
80% 
100% 
Age 65  vs . <65 Fem 75 vs. <75 BMI 
Study char
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Fig. 4. Frequency of an association, an inconsistent association, and no association for sub
population sample, 5yrs: disease duration.regression analyses performed at baseline showed that all the
clinical measures (pain, functional disability) explained only 0.4% of
the variation in radiographic hip OA (P¼ 0.4 for model). In
summary, in the above three studies on hip OA, the associations
were inconsistent () or absent ().Discussion
Onlya limitednumberof studiesevaluatedanassociationbetween
radiographic and clinical outcome measures of OA, despite the
importance of studying this association for the further understanding
of disease onset and progression. The importance of developing
quality criteria for study characteristics and methodology is empha-
sized by the diminishing frequency of present associations with the
decreasing number of fulﬁlled criteria. The fulﬁlment of all quality
criteria as deﬁned in this review resulted in the deﬁnition of only four
‘high quality’ studies out of the 39 selected studies. A signiﬁcant
association was scored for the ‘high quality’ knee study and incon-
sistent associations were scored for the studies evaluating hip OA.
The frequency of an association in the present reviewmight have
been underestimated due to the deﬁnition of present and30  vs. <30 ROA 80 vs.< 80 5yrs 
- 
+/-
+ 
acteristics 
Pop  ≥ ≥ 
groups of study characteristics. Fem: % females, ROA: % radiographic OA (KLII), Pop:
Table III
Study characteristics and associations of four ‘high quality’ studies (seven publications)
Ref Study Joint N Inclusion Deﬁnition OA Radiographic
outcome
Clinical outcome Results radiographic vs clinical OA Ass
26 Duncana
2009
Knee:
PF comp
432 Pain within
last 12 months
KL  II sky or
lateral osteophytes 1
KL (0eIV)
Osteophyte (0e3)
WOMAC: pain, stiffness,
function subscales
(5-point Likert; (0e20), (0e8),
(0e68), and dichotomised;
normal/mild vs
moderate/severe/extreme)
Association radiographic severity & WOMAC
Increasing WOMAC score for radiographic subgroups no,
mild, moderate/severe; (linear)
ANOVA pain F ¼ 4.7 P ¼ 0.01, stiffness F ¼ 4.5 P¼ 0.012,
function F ¼ 6.1 P ¼ 0.002
þ
27 Duncanb
2008
Knee: TF &
PF comp
777 Pain within
last 12 months
KL  II PA and/or
sky and/or
osteophytes
KL (0eIV)
Osteophyte (0e3)
WOMAC: pain, function
subscales (5-point Likert;
(0e20), (0e68))
Association radiographic severity, compartmental distribution
& WOMAC pain, function
Increasing WOMAC pain, function for radiographic subgroups no,
mild, and moderate/severe; (linear)
ANOVA for whole knee; TF; PF compartment pain
F ¼ 13.8; F ¼ 9.0; F ¼ 12.7 all P < 0.0001, function F ¼ 14.9 P<0.0001;
F ¼ 7.1 P ¼ 0.001; F ¼ 15.9 P < 0.0001
þ
28 Duncanc
2007
Knee 745 Pain within
last 12 months
KL  II PA and/or
sky and/or
osteophytes
KL (0eIV)
Osteophyte (0e3)
WOMAC: pain, stiffness,
function subscales (5-point
Likert; (0e20), (0e8), (0e68))
Graded chronic pain (IeIV)
Pain, stiffness, disability quest
Association radiographic OA & WOMAC; OR highest vs lowest
of ﬁve categories: pain 0e2 vs 11e20 OR ¼ 3.7(2.0e6.7),
stiffness 0e1 vs 4e10
OR ¼ 2.0(2.0e4.6), function 0e5 vs 35e68 OR ¼ 2.8(1.6e5.0)
þ
12 Salafﬁa
2005
Hip (Knee) 107 ACR ACR KL (0eIV) WOMAC: pain, stiffness,
function subscales (VAS;
(0e500), (0e200), (0e1700))
SF-36 (bodily pain; 5-point)
Association KL & WOMAC function; ANOVA (KruskaleWallis)
H ¼ 13.61 P < 0.005
No association KL & WOMAC pain, stiffness, SF-36
bodily pain; ANOVA NS

29 Salafﬁb
2005
Hip (Knee) 105 ACR ACR KL (0eIV) SF-36 (bodily pain; 5-point) Association KL & SF-36 bodily pain; ANOVA
(KruskaleWallis) P < 0.0001
þ
30 Günther
1998
Hip (Knee) 420 KL IIIeIV KL  II KL (0eIV)
Lane (JSN,
osteophytes; 0e3,
sclerosis, cysts,
deformity; 0e1)
Pain (VAS; 0e100)
WOMAC: function subscale
Lequesne, Danielson score
Funktionsfragebogen Hannover
Inconsistent association KL & pain VAS
In bilateral radiographic OA 49% pain vs in
unilateral OA 25% pain

31 Dougados
1996
Hip 508 ACR
Pain daily during
1 month in last 3
JSN > 0.6 mm JSW (measure)
KL (0eIV)
Femoral head
migration
(radiographic
pattern)
Bilaterality
(ACR criteria)
Polyarticular
involvement
(Landsbury index)
Pain (VAS; 0e100)
Lequesne index functional
disability (0e24)
Mobility impairment (measured
as intercondylar distance)
No association JSW & clinical OA
Regression; R2 ¼ 0.4% (P ¼ 0.44) pain, functional disability

Bold: outcome measures according to criterion ‘(7) outcomes’, association between these outcomes is reported, Ref: number in reference list, N: number of patients, Ass: association, quest: questionnaire, NS: not signiﬁcant,
R2: explained variance.
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when all comparisons between radiographic and clinical OA
outcomes were statistically signiﬁcant and studies could have been
misclassiﬁed as inconsistent based on this deﬁnition. For example,
when multiple outcomes were compared and one comparison was
not signiﬁcant, the association was deﬁned as inconsistent12,47. Also
the association was scored as inconsistent when the association was
not signiﬁcant for all evaluated joint compartments34,57. On the other
hand, anoverestimationof associationsmight alsohave occurred. It is
known that positive results are more easily accepted for publication
(publication bias) andmight be emphasized inpublication (reporting
bias). Also confounding might inﬂuence the association between
radiographic and clinical OA and the association with quality of
studies. Correction for confounding was reported by adjusted odds
ratios (ORs) or analysis of variance (e.g., age, gender, BMI) in 17 of the
selected studies. Associations were commonly inconsistent and less
frequently absent (12% þ, 82% , 6% e).
Further, the detection of an association might be hindered by
variation between patients since the association between radio-
graphic OA and pain is stronger within individuals than between
individuals42. Although this might imply that an association can be
more easily reported in longitudinal studies, the detection of an
association for individual patients might be hampered by variation
due to measurement error or poor reproducibility of radiographic
positioning during follow-up (despite protocol)68. The assumption of
an equal value of a cross-sectional and longitudinal design, as deﬁned
by quality criterion ‘(3) study design’ in the present review, might
therefore be unjust. In most studies34 only a cross-sectional associ-
ation was evaluated, which was comparable to all studies. Of the six
longitudinal studies, associationswere inconsistent in ﬁve2,39,67,69e71
and only present in one study58. Also, the manifestation of clinical
and radiographic disease might not be clearly linear, but have amore
intermittent character which might obscure an association. An
approach could be to use both radiographic and clinical features of
multiple joints to correct for characteristics of an individual to enable
cross-sectional evaluation. However, to identify which clinical and
radiographic outcomes are important in onset and progression of
disease, longitudinal evaluation remains important.
Even though the frequencies of associations were similar for
subgroups of studies fulﬁlling or not fulﬁlling criterion ‘(5) inclu-
sion’, this criterion has major implications for clinical practice. In
evaluation of disease several OA deﬁnitions were used for patient
inclusion. For example, a wide variation exists in the deﬁnition of
OA related pain13. Also the ACR deﬁned separate classiﬁcation
criteria for knee OA either based on clinical features only or on both
radiographic and clinical features72,73. This might result in the
identiﬁcation of different populations and thus different OA types
and possibly hinders consistent diagnosis and prognosis of disease.
This might explain the inconsistent associations in the present
review since in some types of OA a clear association might exist
while in other types this association is less evident or even absent.
Strict inclusion criteriamight imply the selection of a homogeneous
study population in which no associations can be detected due to
little variation in the outcomes however. In the ‘high quality’ hip
study by Dougados et al.31 for example most patients suffered from
mild OA only; 3% had KL I, 70% KL II, 27% KL III, and<1% KL IV and no
association was scored. This is in contrast with the more
heterogeneous knee study population26e28, with 32% of patients
with no radiographic OA, 28% with mild OA and 40% with
moderate/severe OA, in which stronger associations were found.
Further, with increasing severity, radiographic damage might also
occur in multiple joints. This can enhance the detection of an
association between the more general clinical measures (like
VAS and WOMAC) and radiographic measures which are more
joint-speciﬁc.The lack of association in the ‘high quality’ hip studies might also
be related to radiographic protocol. For the knee joint, criterion ‘(6)
protocol’ proved of importance since associations were found with
multiple radiographic knee views26e28, whereas no or inconsistent
associations were commonly found in studies with only one radio-
graphic knee vieworwith insufﬁcient protocol (Fig. 3). For thehip the
additional value of the fauxproﬁle radiograph of the hip joint16,17was
not evaluated since this protocol is hardly applied in clinical practice.
Therefore this additional viewwasnot included in thequality criteria,
although this might explain the lack of present associations in the
‘high quality’ hip studies.
The fulﬁlment of criterion ‘(7) outcomes’ required standardized
outcomes on a scale of at least four categories. Theoretically,
measurement of OA outcome measures on a continuous scale
improves precision and sensitivity to change. Measurement error or
small variations between patients in positioning for radiography
however might hamper the precision of the measurement and
thereby the associationwith clinical OAmeasures74. For example, no
associationwas found in the ‘high quality’ hip study that used JSWas
radiographic outcome31. Studies comparing the same outcomes for
radiographic and clinical OA were sparse and associations were not
consistently present when a certain outcome measure, like KL or
WOMAC pain, was evaluated. Therefore, although the frequency of
an association was different in studies that fulﬁlled the criterion ‘(7)
outcomes’, the role of speciﬁc outcomes was not identiﬁed as key
players in onset or progression of the OA process.
The small number of studies reporting ‘normal’ values for OA risk
factors hindered the evaluation of the inﬂuence of patient charac-
teristics on the detection of an association. An obvious role for
increasing age, female gender, and high BMI was hence not found.
In conclusion, only a limited number of studies evaluated the
association between radiographic and clinical outcomemeasures of
OA. The lower frequency of an association in studies of lower
quality emphasises the importance of criteria for methodological
quality, and speciﬁcally the standardization of outcome measures.
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